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Nature of the Work

The work done by agncultural’ wentists has
played an important part in maki mercan
farm workers the muost productive

workens in the world  Agricultural scientists
study tarm crops and animals and develop ways
of improving their quantity and quality. Thoey
ook for ways to increase yiclds with less labog,
contiul pests and weeds more effectively. and
conserve satl and water. Agnicultural science is
closely related to biological science in that both
involve the study of Jiving organisms. agni-

cultural scientists then apply this knowledge to -

solving practica! problems in agriculture.
Aboat 40 pereent of all agricultural scientists
manage of administer research and develop-
ment projects or mark&ting or production oper-
ations in companies that produce agricultural

chemicals or machinery. About 20 perceat do,

reseurch and development. Some spend most of
their time in labontories. but some in research

and development spend much of their time -

working with plants and animals in the field.
Some agricultural scientists teach in colleges
and universities and others work as consultants
1 business firms or to gowerniment.

*Agricultural scientists usually specialize in
one of the following arcas. Agroaomisiy
(D.O.T. 040.061-010) are concemed with the
growth and improvement of fickd crops. They
improve the quality and yield of crops such as
com, wheat, and cotton by deweloping aew
growth methods ar by controlling discases,
pests, and weeds. Some agronomists may sne-
cialize in a particular crop or crop problem.

Animal scientists (D.O.T. (40.061-014) do

research on the breeding. feeding. and diseases -

of domestic farm animals.
{airy scientists (D.O.T. 040.061-01%) and
Poultr scientists (D.O.T. 040.061-042) con-
duct rescarch on the breeding. feeding, ond
:nanagement of dairy cattl® and pouliry.
Horticulturists (D.0.T. 040.061-038) work

with orchard and garden plants such as fruit and-

nut trees, vegetables. and flowens. They scek to
improve plant culture methods for the beau-
tification of communities. homes. parks. and
ather ancas as well as for increastug grop quality
arnd yields. oy

* Sail scientists (D.O.T. (40.061-058) study
soil characteristics, map soildypes. and deter-
mine the best types of crops for each soil. They
study the respomses of various types of soils so
fertilizers. tillage practices. ctop rotation, and
other actions which affect the soil.

Animal breeders (D.Q.T. 041.064-014) and
plant breeders (D.O.T. 041.061-082) develop
systeme. of breeding to develop and improve
desirable characteristics of animals and plants.

-

Apicultunsts (D .OT. (41 .061-018) -tudy
the culture and breeding of bees.

Working Conditions

Agncuhural SCIONTIstS gukm!l\ work regular
houns in offices, Liboratories, or classroams.
Some agricultural scientists spend much time
autdpors conductir ¢ research on fagms or agn-
cultural research stations .

Agmcuhunl scientists held about 22.0°%) jobs
i 1982 in addition, over 15,000 persans heid

-agricultural science faculty positions in col-

feges and univenitics in 1982 (Sce the state-

- ment on gollege and university faculty

elsew in the Hundbook )

Almost hatf of all agnicultural scientists work
for Federal, State, or local governments. Al-
most 3.000 worked for the Federal Government
in 1982, mostly in the Dopartment of Agn-
culture. Large numbcen worked for State gov-
ernments at Staic agricultural colleges or agn-
cultural rescarch stations. Almost 10 percent of

all agricultural scientists work for agricultural -

service companics; others work tor fertilizer
companics, sced gompanics, and wholesale
distribution companies.- Over 2000 agris
cultural scientist: were seif-cmployed in l98"
mainly as consultants.

.'l)'aining. ()ther leiﬁcsli&ls. and
Advancement

Training requirements for agricultural scientists
depend on the specialty and the type of work
performed. A Ph.Q. degree in an agricultural
science specially is usually required for college
teaching. igdependent rescarch, and for ad-
vancement t0 many administrative and man-
agement jobs. A mascer’s degree is sufficient
for some jobs in applied rescarch. The bach-
clor's degree is adeguate preparation for some
jobs in sales. inspection. and other mpnrescarch
artas. bo.f. in same cases, promations may be
lindited for those who hold no higher degree.
Those who hold degrees in related sciences
such as biology. chemistry. or physics alsg may
enter some agricultural science jobs.

All States have at least one land-grant college
which offers ‘ugncultusal sciende curriculums,
Many ather colleges and univenitics alvo affer
some kind of agricultural science counses.
Since some schools may not offer all spe-
cialtics, students shov'd investigate carefully
the course offerings «f thé schools they "are
considering. Requircnwnts for advanced de-
grees usually include ficldwork and laboratory
research as well as classroom studies and prepa-
tat:ion of a thesis based on independent re-
search.

Agricultural scientizts should be able to work
independeatly or as part of 1 team and must be
ablc to communicate their tind ngs chearly and
concisely. both orally and 4 wrimy.

Agricultural scicntists v ho Lave advanced
degrees usually begin in research of teaching
jobs. With expenence. the: mas advance t9
jobs such as superyison of roscanck rrocime

Job Outiook
Employment of agricultural scientists is ox-
pectad to grow more slowly than the averaee for
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all oceupstions through the mud 9% Many
agnculttrad sowentints work tor Federal, State,
o focal gevermments wheie hetle cmplovinent
growth isexprected  Emgplovmient of agnculturad
screntists imvolved an rescarch miay grow
rapadly 10 private mndustry as advances such as
recombinant IENA now hemg made 1n bro-
technology ate apphicd @ agriculture. b aad:
tion 1o jobs anising from growth in demand tor
agriculusal scicatind. job openmgs wall vccur
as apncultural seientists transter to other oc
cupatsons, retire, or die

Employment opportumties i apencultural
science are Capected to be better tor those with
advanced degrees Howaver, o bachelor’s de-
prec i agocultural soence is usetul tor occupa:
tons such as tarmer or fam mangget, Coopet-
dive extenston senvice worker, technican, or
seed o ferulizer vompiny sales representative.
Persons with degrees wr agnegltural saence
alvo work Jor busmesses that deal with tarmers
such as banks and tasm equipment manutag-
turers
Earnings . (
According to the College Placemient Council.
tegimmng salary ofters tor agncultural saen-
tists wath the bachelor s degree avceraged
16,700 @ yeur in 1982,

In the Federal Government in carly 1983,
dgnculural screntists with o bachelor's degree
could start at $13,369 or $16.059 4 vear, de-
pending on ther college records. Those having
the master’s degree vould start at $16.589 or
$20.256, depending on their scademic records
or work expernience: and those having the Ph.D).
degree could beginat $24.508 or 329,374
year Agriculniral soientists inthe Federal Gov
erament sveraped about $28,.000 4 year
19K2

Related Occupations

The work of agnicultural screntists s closely
rebated to that of biologists as well as to other
natural scientists such as chemists and phys-
teists, 1108 also related o agncultural prodac
tion occupations suach as armer and farm man-
ey and to cooperative extehaon service
worhers as wellas to forester . and conservation
wientists . Certamn speciatties of apnicultural
serence are afso selated o other ovcopations.
For example. animal scentsts ate related o
vetenmanans, horticultunises o Lindscape wr
chitects, dnd sorl scientists to sl con
servit anisg

Source of Additional Information
Information on careers sy agrvaltural scwence s
dvarlable trom

Highes Fducation Programs. Agnicuitursl Resvarch
Service. U8 Depatiment of Agncudivte, Adnun
sstrgtion Buibding, i Stoand Indefenderae Ase
SW . Wastungton "D O 26250

Amenicdn Soety of Agronomy, 877 8 Sepoe R
Madisen, Wis S3711

Crop Suience Sovaets of Amenies, 6775 Sepoc R
Madison, Wi 53711

Sotd Suienee Sonacty of Amereg. 8778 Segie Rd L
Madivon, Wis S371

Q

For mlormation on carecrs in huru&ﬂmwl
suience, soeind o stamped, selt akdicwd®Penve

lope to.

Ancrican Yooty tor Horteudttial Saence, 7t
Nourihs Sant Asaph St Alevandig, Vg 22403

Information on Federal job opportuntties s
avanlable trom local oftices of State employ-
ment services and the U8 Oftice of Peronnel
Managenient o from Federal Job Informaten
Centers Jocated in vanous Jargd citics
throughout the country
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Nature of the Work :

Biological scientsts study all aspects ot hiving
organisins and the relationship of ammals and
plants to their environment Although many
specishi/ze in some area suchas ornighology (the
study of bindst or mcrobiology (the study of
micrascopic organistusy, all have i conmon

_the study of life. ¢

Mauny biological scientists are primanhy in
volved in rescarch and development Some
conduct basic rescarch to increase knowledge
of livine orgamisms, Others i apphied research
use this Knomledge in activities such as de-
veloping new miedicines, increasing crop
viclds. and smproving the environmient. Those
working in laboratories must be tamihar with
rescarch techmgues and the use of Taboratory
cquipment and computers. Not all rescarch,
however. is performed i Piboratones bor oy
ample. a botanint may do rescarch n the vol-
canic valleys of Alaska to see what plunts grow
there. )

Other biolagical wcientists work in manage-
ment or adnunistration, for example plann: iy
and admupistering programs for testmg foods
and drugs and directing activitics at zoos or,
butanical gardens. Some work as consultants to
business firms of to government. while others
test and inspect foods, drugs, and other prod.
ucts or write for technical publications (See the
statement on technical writers clsewhere in the
Hundbook .y Some work in technical sales and
serviee jobs for companics manufactonmg
chenucals or other teckmcal progucts. (See the
statements on manufacturers’ sales repgeaen:
tatives and wholesalp trode sales worhers
chewhere in the Handboek )

Maost hiological scientists who come under |
the broad category of bologng (DO
(41 061030y are turther classitied by the type
of organism they ®udy or by the speaihe
tvity they perform.

Anatomists (D O T 031.061-010) stu 'y and
examine the structure of orgamsms. trom cell
structure o the tormistion of fissues and organs.
Many speciahze in human anatomy. Research
methods may enatl dissections or the use of
Clectron microscopes.

Botanicrs (DO T. 0410610381 deal pri-
marily with plants and thewr environment
Somw study all aspects of plant hte, while oth-
ers spectahize n acvas sueh ay dentiication and

.

Biological scientists study living organisms and
ife proctsses. - .

*classiication of plants. the structure and tunc-

ton of vanous plant parts, and the causes and

cures of plaft diseases .
Fahrvofogaes study the developrient of an

amimat trom a tertilized epy through the hatch-

ing process or barth, and the causes of healthy

and abnormal developnent .
Microbiofogin (D QT 031061 0SK) m-
vestigate the growth and characteristies of mi-
Croscopic organisms such as bacteris. Viruses,
and molds. Medical nucrobiologis study the
rekstronship between bacteria and discase or the
eftect of antibiotics on bactenia, Other mcro-
biologists speciahize i sonl bacteniology (the
effct of mucrourganisms on sotl fertiiny ), viro-
logy (viruses), or impmunology rmechanison

~ that fight imfections.

Pharmacedognn () QT (41,061 -U?ﬂund
ovcedogise conduct et on ammals such as
rats, guinca prgs. and monheys to determine the
ettects of drugs. gases. posons, dusts, and
other cubstances on the tunctiomng of tissues
and organs. Pharacologisis may develop new
or improved drugs and imedicines

Phyvaologioas (D.OT 041 .061-07%) study
life functions of plants and animals under nor-
mal and sbnormal conditions Physiologists
may specialize in functions such as growth,
reproduction, photoss nthesis. respirahon, or
movement. o1 a0 the physiofogy of a certain
arca of system of the by

Joclogixn (D071 041 061 (KN study van
ous aspects of animads  ther ongin, befuo sor.
discases. and e provesses Some expeniment
with five anmals m controlled or natural <Gr-
roundmes whle athers dissect dead sammals to
sudy their structure Zoologists are usually
wdentiticd by the animal group studied - or
nithologists (hirds)y. entomologists ansectsy,
mammalogists tmammals s, herpetologists
treptiies). ond ichthyologists thish).

Some mological saientists apply thairhnowl-
cdge actoss @ number of arcas and may be
classttied by the functions performed  Eoolo-
gisty. for example. study the relationship be-
tween organisiy and thers environments and
the effects of mnfluences such as pollutants,

ERIC - 3



rainfall, temperature, and aititude on organ-
iy, For example. ecologisty examine
plankton vmicioscopie water plunts, and am-

als) and measure the radwoactive vonteat of
ot to deterpune the effects of pollution.

Agricultural sciennists, who may alwo be
classified as bological scientists, are included
n a separate’ statement clsewhere in the Hand-
bk,

Working Conditions

Brological scientists generally work iegulu
houn ‘m othices, fuboratones, or classrooms
and usually are not exposed to unsate or un-

healthy conditions. Some biological scientists -

such as botanists. coologists. and zoologists
may tuke ficld tnps which mvyolve strenuous

~ physeal ﬁMt\ and prinmtive Iwmp__ condi- .

tns,

. & .
Employment
Biological scientists held about
1482 In addion, an almost equal number of
persons held iolagy faculty posttions in col-

leges and unnversities .« (See the statement on

52,000 jobs in’

offer all curricuiu%s: Requirements for ad-
vanced degrees usually include fieldwork and
laboratory rescarct as well as classroom studics
and preparation of a thesis. Brological scientists
who have advanced degnies osually begin in
research or tegehing jobs. With ‘experience.
they may advance tojobs such as supgry isons of
rescarch programs.

Prospective biological scientists should be
able to work independently or as part of a tcam
and must be able o communicate their findings

clearly and -concisely. both orally and in wnt-.

ng. Biological scientists conducting tield re-
swarch in remote arcas nfust have physical
\tamma

Job. ()utlook —_—

Employment of biological scicntists 1s expee ted
to fncrease faster than the average for all oc-
cupations through the nud- 1990 duc to recent
advances in genetic rescarch that should result
in new Jrugs, improved plants, and medical
discavfries. Advances in biological technology

N

_“should result in many additional rescarch jobs

college and univeraty faculty ehsewhere i the

Heumndbook ) . .
About 14,000 bologreal sientisty worked
for the Federal Govemmentin 1982, Over one-
quarter worhed tor the Department of Agn-
culture, and about une-fifth worked for the Na-
tional Institutes of Health. Large numbers o
were employed by the Department of the $oie-
rior and the Defense Department. State and
lowal govermaents combined emploved about

ORS00,

Q
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Aruitoxt provided by Eic:

Over 12,000 worked 10 priwvate industry.

- mostly 19 the phamgeeutival. chemical, food.

and agrniculturad services industries in 1982
About 4,001 worked for punprofit rescarch or-
gantzations and foundations; a few were selt-
emploved.

<
Training, Other Qualifications, and
Advancement
The Ph D degree generally s requined tor col
fepe teaching, independent rescarch, and for
advancement to adannistrative research post-
tigns and other management jobs. A master’s

LY

degree s sufficient, for some jubs in applied

research  The bachelor’s degree s adequate
preparation tor some beginnng jobs, but pro-
motions often are imited tor those who hold ao
higher degree. New graduates with a bachelor’s
degree can start their careens in testing and
inspecting jobs, or become technical sales and
senvice representatives. They also can bécome
senior bology technicians. medical Tuborator§
wehnologists and tecnmcians o with courses
in education, high school biology teachers,
1Sec the statemnent onsecondary sehoul feach-
ers elwewhere in the Handbook ) Many with a
hachelon degree in hrolggy enter medical. den-
tal, vetermnary, or other health profession
schools. Some enter a wide range of ovcuations
with httle or no connection te biology. .
Maost colleges und universities offer bach-
tlor's degrees 1n bological science and many.,
advanced degrees. Cumeuldms for advanced
degrees i bological sownce often emphasize @
particular area of biological science such as
microbtology or hotany, Not all UnIversitics

4

for hiological scicntists in private industry; ad-
dittonal jobs"arc Ikely to be created by the

production. by biological methods. of products,

which are presently produced by chemical or
other methods. Ettorts to preserve the environ-
ment should also result in additional gmplu)
ment opportunities. In addition to jobs arising
from growth in demand for bological scien-
tints, job openings Will occur ;gzmnc biojog.
ical scivnatists transfer to other occuptions., re-
tire. or dic.

. Employment opportunities for biologscal
sicntiafs arc expected to be hetter tor those
with advanced degrees since most new fobs will
be rescarch onented . Furthermore. the employ -
ment outlook will vary by specialty. Those who
have the ability to do rescarch in sreas selated to
the genetic, cellulur, and biochemical areas of
biology should expersence better employment
opportunitics than those i other specialties.
However, many persons with a bachelor's de-
gree in biological science find joby in occupa-
tions such as scicnce or engineering tecbacians

“or medical laboratory technologists. Some be-

cogic high school bology teachers. However,
they arc usually regarded as teschers r.uhu than
biologists. (See the statement on secondary
school eachers elsewhere in the Handbook )
Others enter @ wide range of oveupations with
Inttle or no connection 1o biology.

Biological scientists rarely fose their jobs
during revessions, since most are employed on
long-temn rescarch progects or in agnculture,
wtivities which are not much affected by eco-
nomie” uctuations.

Karnings

Accordmg to the College Placement Council,
beginning salury offers in private industry n
1982 wveraged $16,500 a year tor bachelor's

degree recipients ang 817,000 a year for mas- -

ter’s degree recipients 0 biological science.
in the Federal Government in corly 1983,
biological scientists having a bachelor's degree
could begin a1 $13.36Y 0 516,559 a yuar. de-
pending on their college records. Those having
the master’s degree could start af $16.559 or
$20,256. depending on their acadenig records

o

. : "¢
*
-

or work experience: thade having the Ph.D.
degree could begin at $24.508 or $29.374 4
year, Biological scivntists in the Federal Gov-
crment averaged $31.900 g year in J9R2.

Related Occupations
Many accupations are related some way to
biological scientists since they deal with hving

_organisms. Thest include the comservation -

cupations of foresters. forestry technicians,
range manangers, and soil conservationists., as
well as agncultural scientists, biochemists, soil
scientists, oceanographers. and life seince
techmcians. The wide array of health occupa-
tions are all related to those in the biological
sciences, as are occupations dealing with rais-

ing plants and animals such as farmers and farm

workens, florists, amd nunery workens.

L)
Sources of Additional Information
General information on careers in biojogical
science » available from:
Amercan Institute of Bulogwal Sciences 1401

Wilson Buulevard. Ashington, Ve 22208
Amencan Physiological Society. Education Otteer.
9650 Rockville Prhe, Bethesda, Md 20814
A\

Dr Carol C Bashin. Serctary. Butamcal Soviepy of
America. Schoul of Biological Séiences, University
of Kentueks, Lesmpion. Ky 30506
Amencan Society of Zoologists, PO Boy 2739,
Caltormia Lutheran Collepe, Thousand b, Caldd
LIRGY

For information en careers in horticultural
wienve. send a stamped. selt-addressed envel-
ape ta
Amendan S
North Sant Asaph St .

qefy tor Horteultaral Soence, 700
Alocvandrfa. Va, 22314

Taformation on Federal job opportumities is
avilable from local offices af State employ-
meat services and the U8, Oftice of Pervonnel
*fanagement or-tront Federal Jub Information
enters located 1n various Jarge cities
throughout the country.

Chemlsts

DOT Vos 061 010 and 013 13701y, 161 610, and
M1 0026

Nature of the Work

The clothes we wearn the foods we cat. the
houses 1 whach we hive - an et most things
that help make our Inves better, trom medical
care 10 ceanes éns gonpient— fesult, n part.
from the work done by chemisis,

Chemists scarch for and put to practival use
new knowledge about sabstances. Their re-
search his resalted 0 the development of a
tremendous varety of synthetic materials, such

“as nylon and polyester fabnies, and processes

which help save energy and weduce pollution,
such as improved ol refining methods. Re-
seard s on the chemis v of hving ihings
provides the basis for advances i medicme,
agricultuge, and other arcas

Over 60 pereent of all chemusts work n re-
search and developmen,. In base sesearch,

.

)
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chemists investigate the propertics. composi-
tion. and structure of matter and the laws that
govem the combination of clements and reac-
tom of substances. In apphied rescarch and
devclopment. they creste new products or im-
prove existing ones.often using. knowledge
gained from basic rescarch. For example. syn-
thetic rubber and plastics have resulted from
rescarch on smali molecules uniting to form
larger omey (polymerization).

- The process of developing a product beging

- with descriptions of the characteristics it should.
have. If similar progucts exist. chemyists test

samples W determine their ingredients. if no
such product exists. chemists experiment with
various substances, to develop a pmduct with
the required specitications.

About 10 percent of all chemists work in
production and inspection. In production.
chemists prepare instnu-tions (batch sheets) for
plant workers that specify the kind and amount
of ingredicats to use and the cxact mixing time

_for each sage in the process of monior Ao

mated processes to ensure proper producyyield
and quality. Atcusch siep. samples are tested for
quality control o meet industry and govemn-
ment standards. Chemists keep records and
prepare reports showing results of tests. Others
work av marketing or sales representatives
where they sell and provide technical informa-
tion on chemical producty.

Chemists often specialize in a subficld of
chemistry. Analvtical chemists determine the
structure. compesition. and nature of sub-
stances. and develop new analyjical tech-
niques. An outstanding cxample of the ca-
pabilitics of_this speciclty was the analysis of
nfoon rocks by an international team of ana-
Ivtical chemists. Biochemists study the chemi-
cal composition «of living things. They try to
understand the complex chemical combinations
and reactiofs involved in reproduction.
growth, and heredity. Revent advances n bio-
chemistry have resulted in the discovery of
many of the mechanisms of reproduction and
heredity. including how 1o splice genes (atech:
nigue called revambinant DNA). These discov-
cries will probably lead to major advances in
medicine and to the development of new prod-
ucty and production processes. Organic chem-
ivis study the cheaustry of carbon compounds.
When combined with ather clements. carben

forms a vast number of substances. Many mod-

efn commercjal products, including drugs.
plastics. and ®her synthetics, have resulted
from the work of organic chemists. Inorganic
chemives study compounds other than carbon.
They may. for example. develop materials for
clectronic components. Phyvsical chemists
sudy the physical characteristics of atonis and
molecules and investigate Thow chemical reac-
tions work . This research may result in aew und
better chergy sources.

Working Conditions

Chemisds usually work regular houns in othees
and laboratones. Some are exposed 1o health or
safety hazards when handling certain chemi
«i's. but there is little nsk af pmpcr provedures

o arg followed

mmammmwmmmmmﬁmm«smmmu
chenﬂsmhmeamhanddmmmms

l-.mploymem

Chemists held about 89,000 jobs in 198, Al
most two-thinds of all chemists work for man-
ufacturing firms— about ont-hait of these are in
the vhemical manufacturing industry: the rest
are scattered throughout ather manutacturing
industrics. Chemists also work tor Stidte and
local governments. primarily in health andagn-
culture. and for Fedemd agencies, chictly the

Departments of Defense. Health and Human
Resaources, and Agnculture. Smalker numbers
work for noaprofit rescarch ongamzations. “In
addition, about 19,000 persons held chenistry
faculty positions in colleges and universitics 1
1982 (See the statement on college and univer
sity faculty clsewhere in the Handbook )

Chemists are employed in all paris of the
country, but they are concentrated i larpc n-
dustnial arcas

Training. Other Qualifications, and
Advancement

" A hachelor's degree with @ major in chennstry

or a related discipline is sufficient for iy
beginping jobs as achemist. However, gpraduate
trning is required for most rescarch jobs, and
most college feaghing jobs require 4 Ph.D. de-

grv:c Beginning chemists should have a broad

Kpround m chemistry. w ith good Labveraton

ills.

\d.sn) colleges and umvenities offer a bach-
chor’s degree program in chenistry. About 550
arc approved by the Amencan ¢ “hemical So-
ciety. In addition to roquired courses i ang
Iytical. organic. organic. amd physcal chem-
istry. undergraduates usually study mathe-
matics. physics, and liberal arts. 3

Several hundred college and umiversities
award advanced degrees in cnemistry. Graduate

.
6 .- -

-

" students generally ypeciatize in @ subficld of

ghemistiy. Requirements for the master™s and
teator's degree usually include a thesis based
on independent research.

Students planning carcen as e henusts should
enpny studving svience and mathematics. and
should hke working Soth thesr hands building
wientitic apparstus and pertorming expen-
ments Perseverance and the ability to concen-
trate on detai! and to work imdependently are

©essenfial Other assets include an inguisstine

mind and unagmation

Graduates with the bachelor's de grcc goner.

ally begin their carcers i governnent of indus-

s by analyzing or testing products, working in,
OF SSSINGR semior -
chemsts mrescarch and development faborasto-

technical sabos of sefd e,

ries. Same ap entry fevel postfions are consid-
ered ciemists, others are corsidered senor
chemcal technictans Bmployers may have
traming and oncatation proprams which
pros e special hnow fedpe necded for the'em

‘plovers type of work  Canidates for an ad-

vaneed degree oftene tewh o do rescarch
colleges and unversitios while working toward
their degrees

Be gmnmpshumsh with the master's degree
can asually teach m a2 yean college or go mid
appled rescarch 1 p nernment o private
dustty. The Ph DL pencraliy as requited tor
basic research. for 4-vear coliepe fuculty pose
tions. and for adtancement o many admimn-
Wrative positions

AMuny people wih o bachelor's degree in
dnmNn alsor enter o wide tange of ooeupas
tions with Iitle or no connection to chemistny
Some enter imedical, dental. seteninary. of
other health professeon schouls*

i



Job Outlook

Employment of chemists is ¢rpected to grow
abuout as fast an the average tor all occupations
through ' mud 99 In addition to jubs
ansing from e ccased demand for chemists,
many openings will result cach year as chemists
ranfer to other accupations, retire, or die.

- The mugority of job openings arc expecicd to
be in private industry. primarily in the develop-
ment of new pm!um in addition, industriab
companics will need more chemists—es-
pecially biochemists—t0 do biotechnology re-
sargh and to develop products and production
proce ses ansing from this research.

Listle growth in the employment of chemis-
ry taculty in volleges and univensitics is ox-
pected.

Chemistry graduates may hocumc high
schoe! teadfers. However, they usually are then
regarded as soieme teachens rather than chem-
. (thers may guglity as engineens, os-
pecrtly ot they have taken some courses in
agineenng  (See satements on sevondary
school teachers and engineers elsewhere in the
Handbxook

Earnings
Acconding to the Collee | lacement Council,
chemints with the b s degree were of-
ferpd starting salanes aver: »ng $21.000 a year
in 19K2; those with the master’s degree,
$23.800; and those with the Ph.D.. $32.600.

According to the American Chemical So-
ciety. salaries of experiencod chemists in pri-
vate industry having a bachelor's degree aver-
aged $29.000 a year in 19R2; for those with o
master's degree, $33.000; and for those with a
Ph.D).. 42,000

Depemdimg on a person’s college recond, lhc
annual starting salary in the Federal Govern-
muent in carly 1983 for an inexperienced chem-
ist with a bachelor's degree was cither $13.369
or $16.559. Those who had 2 years of graduate
study could begin ai $20.256 a year. Chemists
having the Ph.D degree could start at $24.508
or $29.374. The averape salary tor all chomists
m the Federal Government i 1982 was
$32. 800 u year.

B

Related Occupations
The work of chemical engincers, oceupational
safety and health workers. agnicultural scien-

usts, biojogical scientists, and chemical fechni- -

vians s closely related to the work done by
cheinssts. Many manufacturery’ sales repiesen-,
tatives and wholesale trade sales workers in
chemical marketing use a knowledge of chem-
iry in their work, as do many technica! writ-
eny. The work of other physical i life science
occupations may also be similar to that of
chemiss.

Sources of Additional Information
General e*formation on career opportunitics
and carmings for chemists is available from;
Amercan Chemieal Society, 1SS Iedh St NW
Washiagton, D ¢ 206136

Information on carcers i biochemistry s
avaslable trom:
Amencan Soviety of Biofogical Chemists. 9650
Richaalle Bite. Bethesda, Md 21014,

informanion on Federal job opportunities 1
available from local oftives of State employ-
ment services and the U.S. Office of Personncl

~ Management o from Federal Job- Infermistion -

Centers lcated i various large cities
throughout the cpuntry.
\

Forésiers and’
onservationists
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Nature of tht Work

Forests and rangelands serve a varicty of needs:
They provide hibitats for widlife. serye as sites
for recreational activities. and supply lumber,
minerals, and water. Foresters and con-
servationists manage . develop, and help protect
these and other natural resources.

Foresters plan and supervise the growing,
protection, and harvesting of trees. They map
forest arcas, eimate the amount of sanding
umber and future growth. apd manage timber
saler, Foresters also protect the trevs from fire.
harmful msccts, and discase. Some forestens

. also protect wildlife amd manage watersheds;

develop and supervise camps. parks. and graz-
ing lands. and do rescarch. Foresters in exten:

slon work provide information to forest owners
and to the general public.

Range managers. also called range von-
SEPWIORINY . runge ecologisiy, oF FaRge scien-
Hsts, manage, improve, and protect rangelands
to masimize their use without damaging the
envipament. Rangelands cover more than |
hillion acres of the United States, axntly in the
Western States and Aluska. They contan many
natura] resources: Grass and shrubs for animal
grazing. wildlife habitats, water frony vast wa-
tersheds. recrcation (dcilitios, and valuable
mincral and cnergy resources. Rangelands alvo
serve as arcas tor scientific study of the environ-
ment. Range managen help ranchens attain op-
tirum livestock production by determining the
number anu Kird of animals to graze . the gras-
g system to use. amd the best scason for graz-
ng. At the sume time. however. they iry go
conserve the sl and vepetation for other uses
such as wildhtc hatats. outdoor recreation,
and timbes.

Suil conservationnts provide wehnical assis-

fance 10 farmors, ranchess, and others con-
- cemed with the conservation of soil, water, and

related natural resources. They develop pro-
grams that arc designed (o get the most produc-
tive use of land without damaging it. Soil con-
servationists do most of their work m the field.
Consey visttonists visit arcas with cronion prob-
lems, tind the source of the problem.” and de-
velop a program to combat the eronkon,

Foresters and conservationists often spe-
cialize in one arca of work. such as timber
management. outdoor recreation. or {orest cco-
nOMICS.

Working Conditions

Working conditions for foresters and <¢on-

- servationists vary s onwderably. Thew image as

7.

solitary horschach nders. singlechandedly pro-
tecting large arcas of land tar trom cvilization
no longer holds rue. Modera Torestens amd con-
servationists sponid o great deal of dime working
with people. They deal regularly with land-
ownens, loggers, torestry technicians “and
ades. farmers, amd ranchers.

The work can otill be physically denfanding.,
though. Many foresters and conservationists
aften work outdoon in all, kinds of weathet,
sumetimes m remote arcas. To get o these
arcas, they use aplancs . helicopters, and four-
wheel drive vehicles. Foresters and comt
servationists also may work long hours tighting
tires or on search-and- rescue missions.

Employment

Foresters and conservationists held nearly -

31,000 jobs in 1982 About one-half worked
for the Federal Government, primarily in the
Department of Agriculture About onc-fourth
worked for State governments  The remajnder
worked in private industry. mainly for lumber. .
.paper. and logging companices. and for local
governments and comulting tirms. A fow were
scif-cmploved eithet as consultants or forest
OWIRTS,

Most il consefvationists work for the
Federal Government. mainly swith the Depart-
ment of Agricalture’s Sold Comervation Scrv-
e,

Although foresters and consesvationists

work 1o every State. employment is concen-
trated in the Western and Southcastern -States
where many national torests and parks arce lo-
vated and whene most of the Jumber apd palp-
wionnd pfodusmg forests are locasted. Range
managens work almost entirely in the Western
States where rangeland is located. Soil con-
servationins, on the offier lund, goc.cmployed
n almgst every county m the wumry.

Training, Other Qualificaty as, and
Advancement :
A bachelor's degroe in lim:sln/ the minimum
educational requirement for { ofcsyional ca-
rcc?smfomsu'y Howwer’;mkeenjob

>
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competition and the nercasingly comples
nature of the toresters work, many employers
preter graduates who hold’ ;dunud duegrees.
Certain jabs such as fow hmp. and rescarch re
quire advanvad degrees

In 1982, about SO colleges and univensities

offered bachelor's or higher degrees in forestry;
43 of these were aceredited by the Society of
Amenican Foresters Curriculuny stress the lib-
ceral arts amd communicaiions skills as well as
technie ! hmum subjects. Courses I torest
ceononiies and business adminisaration supple-
ment the student’s scientitic and technical
knowledpe Many colleges require students to
spend one summer 10 a ficld camp operated by
the college. All schools encourage summer
obs that ginve experienee 1o farest or con:
swnvation work. .

A hachelor's degree in range manageinent or
range solence s the usval minimum educational
requircnmient tor range managen. The Federal
Government requires at least 42 goury in plant,
amimal, or soil sciences and natufat resources
management courses, including at least 18
hours 1 runge management. Graduate degrees
n range management generally are requited for
teaching and rescarch positions and may be
_ helptul for advancement i1 other jobs.

in 1982, about 18 colleges and universitics
oftered dq.r,w\ m range management of range
scicncs. A number of other schools offered
SOMIC COUrSes 1IN fange management. Spe-
cialized range management courses combine
plant. animal. and scal sciences with ponciples
of ceology and resource management. Desir-
able clectives incjude cconomics, forestry. hy-
drology, agronomy. wildlife, computer sci-
ence. and recreaton.

Very few colleges and univensities offer de-
grees in soil conservation. Most soil con-
servationists have degrees in agronomy, agri-
cultural education. or general agriculture; a few
have degrees in related fields such as wildlife
bralogy, forestry. and range managem nt. Pro-
grams of study generally include 30 semester
hours 1n natural resources or agriculture. in-
cluding at least 3 hours in sonls |

In addition o mecting the intellectu! de-
munds of forestry and conservation work, for-
esters and conservationists must enjoy working
sutdoors. be physically hardy, and be willing to
move - often to remoletpliaces. They must also
pe able to work well with people and have good
communication skills

Recent furestry and range management grad-
vates usually work under the supervision of
experienced foresters or range managers. After
gaming expericnee. they may advance to more
responsthie positions. In the Federal Govemn-
ment, an expernenced Lorester may suparvise an
entire forest arca, and m oy advance to regional
fOTUA SUPER 180T OF 1o 3 Top administrative posy
toa In private industry. foresters start by leum-
iy the practical and admunistrative aspects of
the business. Many foresters work their »ay yp
to top managerial positions. within ther com-
panies.

Suil comservagronists usually pegin working
wilhin one counts and with expernience may
advance o the arca and Statz level. Also, sail

N '

conservationists can transfer to related ovcupa-
tions vich as farm management advison or land
Uppraisers.

Job Qutlook

Employmient of foresters and conservationists
s expected to grow, more stowly than the aver-
age tor all occupations through the mid- 1990,
Employmuent should continue to grow faster in
private industry than in Federal and State gov-
crnments where budget limitations arg likely
restran growth. More foresters will be needed
in private industry 10 cnsure an increasing out-
put of forest products. Private ownens of tm-
berland also are fikely to employ more forestens
as they recognize the need for--and the higher

- profitability of —improved forestry .msl lopging

practices. The grogving demand for meat, wild-

life habitats. recreation, and water. as well as
continued environmental concerns shéuld stim-

ulate the need for more range managers

However, the employment of soil con-

servationists is expected to chanpe hittle through
the mid- 1990 since the Federal Governnent.
the major employer, is not expected to mcrease
its employment of soil conservationists. Be-
sidet job openings created by growth ia em-
ployment, many foresters and conservationists
will be needed to replace thise who retire.
transfer to other oceupations, or dic.

Earnings

Most graduates entenng the Federal Govern-
ment as foresters. range managers, o sl con-
servationists in carly 1983 with ju-t a bachclor’s
degree started at $13.369 ayear. although those
with high grades or a master’s degree could start
at $16.559. In 1982, the average Federad salary
for foresters was about $27.9400: tur zange con -
servationists, about $23, 70 and tor sel con:
servationists, about $26 (XK.

Related Occupations

Karesters and conservationists are nof the only
workers concerned with managing. develop:
ing. and protecting natur.] resources. Other
workers with similar responsibilities include
agricultural scientists. agnicultural enpineers.
biological scientists, farmers. farm manasgers,
ranchers, and wildhifc managers.

Sources of Additional Information
General information about the torestry profes.
sion and lists of schools oftennyg cducstion in
forestry are available from
Society of Amencan Foresters, S0 Grossenos
f.ane. Bethesda, Md Joxid '
Amencan Foresry Assovnttum,
Washingion, D C 20036
Information about & carecs as 4 range man-
ager as well as 8 list of schouls offenmg tanimg
is avalable from:

PRI IR St NW

Society tor Range Managemens. 2760 W &b Ave
Denver, Colo. 80204

For information about carcer opporiunibies in
the tederal Government. contad

Bureau of Land Manasgenient. Deiver Servine Cen

ter. Federal Center Buslding 50 Demer Calo

NQI225
8

4°S Department of Apncubture, Fotest Senvee 1O
Boa 2417, Washmgton, D (0 LR

US Depursnem of Apncubiue, Soil Comcavdion
Seiviee, PO Bon 2890 Whmpton, 110 20018

¢

Geologists and
Geophysicists
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“Nature of lixe Work

Geologists and geophysiants study the physical
aspects and history of the carth, They analy ¢
mformation collected through seismic prospec
tng techmyg s, which imvolve bouncng sound
waves off deeply buned rock laven: examine
surface “ocks and samples of buned rocks o
covered oy drlling: and study tnformation col:
fected by satellites. They alwadently ncks
and mincraly . conduct genlogical surveys. con
struce maps. and use instaments such as the
gravimceter and magnctometer to measure the
carth’s gravity wnd magneuc fickd  An aimpor-
tant appheation of geological rescarch s locat-
ing oil and other nunerals,

Geologists and geophysicists cxagnine chem-
wal and physical propertics of speaniens 1n
laboratories under controlied temperature and
pressure. They may study fossl remams i ani
mual and plant hic or expenment with the flow of
water and odf through rocks. Laboratory cquip-
ment used includes msiruments such as the X-
ray diffractometer. whach determines the strue-
ture of mincrals, and the petrographic micro-
seope, used for close study of rovk formations

Bestdes fovating resources and workimg m-
Laboratories. geologisisand geophysicists also
advise construction comanies and government
agencies on the suitability of proposed loca
tions for busldings. dams. or highways. Some
admingster and manage research and explorg-
t1on programs.

A geologist studies geological data plotted by a
compiter -~
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The fickds of geology and geophysics arc
closely related but there_are differences.
Gealogists stidy the camposition,  singeture,
andhintory of the caath's crust They try to find
out how vanous rocks were formed and what
has happencd o them thoousghout history,
Geophyareists use the primaples of physics and
ntstheaudnes Lo stwndy the carths intemal com-
posinen. surtace, and atmosphere and abvo
vartois forees such as i magnetic, clectfoal,
and gravitsionad beld,

Greolgpints and geuphysicists usually spe
ctalize . Geaidesiars siudy the size. shape, and
gravitattonal field of the cath. Ther principal
tash iy 10 mahe very precise measurements for
mapping the carth's surlace. H\dmlngnh
study the distribution, circulation, and physical
properties of andergroun® and surface waters
They miay study the form and imtensity of pre-
Cipitidion, s rate of intiltration into the sl
atd ity return o the ocean and atmosphiere.
Mineralogigs analvze and classify minerals
amd precious stones scconding o composition
and sruwcture  Paleontologests study  fossils
tound 0 peologcal formations ta trace the evo-
jution of plant and aninal life Seismolagisia

‘ study and interpret data from seismuagraphs,

Q

which mwasure small movements of the carth.
and athes instruments to locate carthyguithes and
carthyuake tatlis. Strangraphiers stady the dis-
wibution and arrangement of sedimentary rock
Lavers By examining thewr fossil and mincral
content. Meteorvlogngy sometinies are clusy -
tied s geophsaicad soeniints. (Sce the it
ment on metcologing clwew here in the Hand.
Iseek

Working Conditions

Mot geologints and geophysicists duuk' thew
mine between tieldwaork and eftice or laborstory
worh. While n the icld. geologists often trvel
10 1emode sites by hehicopter o jeep and cover
large arcas by foot Eaploration geologasts and
peophy sicists ofien work ovesse s or i remole
arcds When not workimg outdvons, geologists
are i comfortable. ucﬂ-hghlc&. well venti
Lated ofhices and laborastones

Employment

“Greologists and geophysicnts held almast

49 000 jobs 10 TYRD . Onvertwo-hiths were ol

and gas companies. and almost ope sixth were

m swerviee firmis, many of which are involved in
otf and gas exploration. Mining snd quarry g
companics abve employ many geologists amd
geophysients - Sclt-employed geologists held
abuut | n 6 by, prifanly as industty and
geremment consultants

The Fedesal Govemnaent “mployed almost
S5.0600 geologints, geophysicists, geadeaMs,
and hydrologists 1n 1982 Almost two-thinds
wothed i the Department of the Intenor in the
U S Geolopiad Survey. the Bureau of Mines,
and the Burcas of Reclamastion. (Rher Federal
agencies that cmploy geologists and
geophy sicints melude the Departments of De-
fense, Apricultere, Commerce, and Energy.
State agenoes also employ geologists and
peophysicists, some work on surveys in cooper-
atton with the V'8 Geological Survey
Geologsss and geophRicists also work for
nuaprofit esearch institulions and  muscums

Sonwe are emphoyved by Amencan lirms over:
was for varying periods of bme, In additon.
about 7,000 persons hield geology and
geophysics {favulty positions n colleges and

universities i 1982 (See the Matement on ol

lege and umivenity faculty clsewhene i the
Hamibook Y ,

Training, Other Qualifications. and
Advancement :
A hachelor's degrog in geology or peophysies s
adequate, for entry into some lower level
peology jobs, but Tﬂu jobn with goad ad-
vancement potentiaf usually require at least &
master's degree in geology or peophysics By
~oms with stroag bachgrounds aghysics. mh-
cudics. or computer soicnce albvo may qualdy
tor some geophysics jobs. A PhD degeee s
cssential for most rescarch posipne.

Over SO0 colleges and universities ofter o
bucheldr's degree i geology and about 75 cof-
leges and univenatios affer a bachelor s degree
in geophysics, Other progras offerng tram
g for begmmng geophysicists include
geophysical technology. geophysical engineer
mg. peophysacal prospecting. engincering
geology. petroleum geology. and gendesy.

More than 220 univeritics award advanced
degrees i geology and about 70 umivervities
prant advanced degrees i geophyais,

Geologisty and peaphy sicists need to te able
to work as part of & am. They should b
cunious, analvtical. and able o communaste
cffeciively  Those involved m fieldwork must
tune physical stanuna.

Geologints and geophy sicists gsualls begtin
their carcers o ficht explotation of as iescarch
dssintunts a0 laboratories. With espenience,
they can be promoted to project leader, program
manager, of oifier nanagement aml rescarch
peniions.

Job Outlook

Employment of geologists and geophy sicite 1
capeted fo grow about as fast as the average for
all occupations through the mud- 1999 {n ad
dition (o aew jobs created by increased demand
for geologints, many openings will anse cach
yoar as povdogists leave the ovcupation. retire,
o dwe .

Efforty 0 fociae aew soutces 'of energy o
wider sources become exhausied will continue
to simulate domestis exploration activities and
create o need for muny additsonal geologists,
dlthough explotatson sctin iy may vary over the
shont run depending on the price and demand
tor ml. Geologists and geophysicists who have
knowledge and experience in feophysical odl
and gas exploration technigues may experience
better employment opportunitics than athers.
Additional geologists and geophysicists well be
needed to discover new mineral sesosirves., (o
devise techiagues for exploning decper within
the carth's crus, and to develop more efficent
methods of nuning. They alvo will be needed to

&
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develop more adequate water supphes and

waste disposal methods, and to do site evalua-
non {or convpetion sCHvitics.

Earnings
Median aanual camings of full e gealogists
and geophysicnts were about $33.000 1071982,

the muddle 9 percent carmed between $25.(6K)
and S40.000 annually - Accoding o survess
done by the College Placement Council, pradu
ates with bachelor's degrees w physieal amd
carth soicnues eevnved averape st ling offens
of N2 & vear e VR Graduates with
maser's degrees mogeolopy and clated geo
Jopical saenves recened average starting offens
of S2.0MY  vear

In the Fedetad Government o caly 1983,
geologists and geophiy sioists having 4 hishe
clors degrec vould begm at ST 69 or 316,559
a vear depending on thea collepe revords,
Those having a master's depnee could Sart
$16.859 or 920,256 4 vear. those having the
PhD deproc, ot $24. 508 of S0, 374 I (982,
the wvenpe sabany for peologits m the Federal
Grovernment was sbout S33.000 g vear and tor
geophy scists, about S3S200 4 sear

Refated Occupations

Muny geofogasts and geophy sicists work i the
priroloun and natural pas idustey. This indus
try alse cmploy s many other worhers who are
imvabved 1 the swentitie and technieal aspects
of petroleum amd nataral gas evploration and
eatraction. snvhading dratters, cnpgmmceennag
techmenans, faboratory assistanis (petroleum
productions. petioleam eapincers. and sar-
vevors. Also related to the work of geologasts
ard - geophy acists ate ather phissicad soenee
ovciputions such as phy sieists, chennsts, mete-
orologists, and ovcanopraphers as well as inath:
cmatictans amd compuier scientists

Sourves of Additional Information
Information on ttasming and Career oppor
tunitics tor geologists v avatdable trom

American faemdognal fosute, 8202 1 eesburyg ke,
Falls Chunnh, Ve 22041

Intormation on tnamipg and career oppor
fumties for geophysivists s avalable trom.

Amerivan Geophasical Umon . 2006 Flatad Ave

NW . Wastungten, DO JomN

“Senrety of Faploration Geophyscnts, PO Bas

UMK, Tubss. BRia 7410]

For itormation ondederal Gosermment ca-
ers, confaat

€N Otiee of Personnicd Management., 1901 S

NW L, Waunpton, DO g8
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Meteomloglsts
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Nature of the Work

Metcommlogy v the study of the simosphere,
which i the air that s tounds the carth. Mete:
orologints try ¢ understand the dmosphere’s
physical charactcnistios, motions, and pro-
cesses, and deternine the way the atmosphere
atfects the rest of our envirepaacat The best
Known applivation of this kpowledge s in une
denandmg wamld  forccasting  the  weathet
Howcever, weather mntormation and mete:
oralogical research also s apphicd in many
ather aseas. such as air pollutson control, bire
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prevention, agniculture, air and sea transporta-
ton, and studymy trenus 0 the carth’s climate.

Meteorologints whe tosecast the weather,
known professionally as epervtional or swrop-
tic meteorologists, ase the largest group of spe-
cralists in thas fickd. They study past and carrent
weather information. such as air pressure, tem-
perature, humidity. and wind vaocity, and ap-
ply physical and mathematical relationships to
make short-range and long-runge predictions.
Therr data come from weather satellites and
observers in many parts of the warld. Although
sopie forecasters still prepare and analyze
wuather maps, most data now are plotted and
analyzed by computens.

Some mictcorulogists, engage in basic and
applicd rewarch. For example. phvsical mete-
orologists study the chemical and physical
properties of the stmosphere. They do rescarch
on the ctfect of the atmuosphere on transmission
of fight, sound. and radio_waves. as well as
study factors affectisg formation of clouds,
ramn, snow, and other’ weather phenomena.
Other metcorologists, known as climatologists,
study trends i climate and analy ze past records
on wind, tanfall, sunshine. and temperature to
determine the general pattern of weather that
makes up an arva’s climate. Thuse studies are
used to plan heaning and cooling systems, de-
sigh butldings . and aid in eftective lund utiliza-
tion

Working Conditions

Jobs in weather stations. most of which operate
armund the clock 7 days a week. often involve
mght work und rotating shifta. Most stations are
al QTpOIs OF 1N OF NCar CItics, Some are in
olated and remote arcas. Meteorologists in
smaller weathes stations generally work alone,
in Larger ones, they work as part of 3 team.

Employment

Meteoralogists held about 3,700 jobs m 1982,
In addition. abuout 1000 persons held mete-
orology faculty positions i colleges amd uni-
versities i 1982 (See the statenxent on college
and university taculty clsewhere in the Hand-
hook ) .

The largest employer ¢ civihian mete-
orologists was the Natiomal Weather Serviee,
where about 1800 worked at statons i’ ali
parts of the United Staies and in s small number
of foregn zreas  The Department of Defense
employed almost 200 civilian meteorologists.
A few worked tor State and locid povernments
and tor nonprofit organizations,

In addition tu povernment. private weather
conslting s and radio and televicion sta-
nons emploved many meteorologists Com-
merctal arhines alvo employed meteorologists
1o forccast weither wlong thght routes and to
hrict piots on atmosphenc conditions. Other
meteorologists worked tor companies that de-
apn and manulacture meteomlogical instru
ments of for Hems i oerospace. CNRIBCCTINg,
utthtzes. and other mdustrics.

In addition o v tan meteorojogists, thou-
sands of meinhers of the Anned Forces did
torccasting andd other meteorological work.

RIC
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Employment of meteorc 0gists is expected to grow more slowly than the average for all occupations

', rough the mid-1890's.

Training, Other Qualifications, and
Advancement

A bachelor's degree with a4 major in mete-
arojopy iy the usual minpum requirement for
beginning jobs in weather forccusting.
Howe ver, employens prefer to hire those with an
advamced degree. and an advanced degree i
ncreasingly necessary for promotion.

For rescarch and college teaching and for
many top level posttions in other mete:
ofTogical activities, an advanced degsee., pre-
ferably in meteorology, is essential. People
with graduate degrees in other sciences also
may qualify if they have advanced courses i
meteorology. physics, mathematics, and chem:
Iry.

In 1982, about 35 colleges and umivenstics
offered o hachelor'y degree i meteorology of
atmospheric science; sbout 40 schools atfered
advanced degrees Many other institutions of-
fered some courses 1n meteorology Before s
fecting 4 degree program g meicorology., stu
dents should investigate the particular empha
wis of the program. since nuny nwteorodogy
programs are combined with the study of &
related screntitic of engineening fichd.

Beginning meteorologists often stiart i jobs
involving rootine data collection. computation,
or anilysis  Experienced meteorologists may
advanee 1o vanops supervisory or admin.
istrative jobs. A few very well qualified mete
orolugists with a background in business ad-
minstration may establish their ownsweather
consuliing services.

L0

Job Outlook

Employment of meteorologists is expected (o
grow more slowly than the average tor all oc-
cupations through the mud- 1990, Lattle oy no -
growth in employment s expected in the Na-
tional Weather Service. which employs most
meteorologists. Some new joby will be created
in prvate industry as companies rcognize the
vidue of having their <wn weather forecasting
1nd meteorological servives but most of the job
openings in this very small occupation will
anse from the need to replace those whochange
occupations, retire. or dic Perons with an
advanced degree in meteorology should have
the best job prospects.

Earnings

The average salary for meteorologists cm
ploved by the Federal Government wis
€34, 20010 19K in curly 1983 metcorologies
w the Federal Government with @ bachelor’s
degree and no expersence receved startimg sal-
anies of $13,369 or $16,559 4 year. depending
on their collepe grades. Those with a pastet’s
degree could sturt at $16.559 0r 320,256 thise
with the Ph.1) degree. at $24.508 or 329,374,
However, the Natona! Weather Serviee hired
few professiona! level meteorologists i F983;
instead it hured meteorolugical techntelans,
most at a starting-sadary of $13,369 Quahified
meteorological techmcians 1 the Natonal
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Weather Service may eventuutly be promuted to
professional meteorotogiss.

Related Occupations

Workers in other occupations concerned with
the physical environmient include furest ceolo-
gists, foresters, genlogists, geophysicists,
oceanographen, range managens. and soil con-

_servationisty

Sources of Additional Information
Information on career oppurtunities 1n mete-
arology s avanlable tor 78 cents from:
Amencan Mctearological Soviety, 45 Reacan St
HBoston. Mass. (210X

' For facts about job opportunitics. with the
National Weather Service, contict.

Natronal Weather Senvwe, Pervonnel Seciion, Gram.
ax Bldy . K6t 1 3h St . Selver Spon?t Md 20910

Physicists

DOT Yol o, i
UGN U010 amd G
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Nature of the Work

The flight of the space shauttle. the sccuracy of
advanced medical mstiuments, and even the
safety of the teauly car depend on research by
physicists. Through systematic obsérvation and
experimentation. physicists use mathematical

terms 1o desenibe the structure of the universe

and the interaction of matter and encrgy. Phys-
icists also develop theories that describe the

Aruitoxt provided by Eic:

>

fundamental forves and luws of nuture. Deter-
mining the basie faws goveming phesomena
such a$ pravity. clectromagnetism. and nucicar
interactions leads to discoveries and inpova-
tions that advance nuclear energy. clectronics,
commumcaiiors and acrospace wehnology.
and medical instrumentation.

Astronomy 1y usuafly considered a subheld
of physics. Astronomens use the principles of
physics and mathematics to answer guestions
abuut the fundamental nature of the universe,
such as its ongin and history and the evolution
of the solur system.

Most physicists work i rescarch and de.
velopment. Some do basic rescarch to merease
scientitic knowledge. For example. they inves-
tigate the structure of the atom or the nature of
gravity. The cquipment that physicists design
for their research can often be applied to other
arcas. For example, Lusers (devices that amplity
light and emit it in a highly directional, intense
beam) are utihized in surpery: microwave de-
vices are used for oveas, ad measurement
techniques and instruments can detect the kind
and number of cclls in blood or the amount of
mercury of lead in foods.

Many physicists conduct applicd rescarch
and help develop new devices. products. and
pricesses. For instance. their know ledge of sol-
1d-state physics led to the development of tran-
sistors and then to the integrated circuits used in
caiculators and computers. A small number
wuork ininspectson. testing, quality control, and

other production-related jubs in industry. Some

do consulting wark,
Almost all astronome s do rescarch. Most of
their time is spent analyzing the large quantities
.

o> N

of data collected by thesrown and others obser-
vations and writing scientific papers on the re-
sults of their rescarch Mostastronomens spend
only a few weeks euch vear makiag observa-
tnons wath telescopes. radic telescopes, and
other instruments some in orbitig satellites)
that can detect clectromagnetic radiation frum
distant sources. Contrary to the popular image.
astronomen almost aever actually look through
a telescope because photographic and elee-
tronic sadiation detecting equiptient i more
effective than the human cyce.

Maost physicists specialize i one o nvre
branches of the soence- —clementary particle
phystes: nuclear physics: atomae, clectron., or
molecular physics; physies of condensed mat-
ter; optics: scoustics: health physics, plasma
physics. and the physics of fluids. Some spe-
ciahize in a subdivision of one of these
branches. For example. subdivisions of solid-
sate physics include superconductivity, crys-
tallography, and senuconductors. However,
since all physics involves the same fundamen-
tal principles. several specialtics may overlap,
and 1n the coune of their carcers physicists
frequently switch from one subticld to another.

Growing numbers of physicists are speciahiz-
ing in ficlds such as biophysics. chemical phys-
ics. and geophysics in which physics and 4
related science are combined. Fusthermore, the
practical applications of physicisty’ work n-
creesingly have merged with engincerng.

Working Conditions

Physicists gencrally work regular hours in'labd-
mtories. classrooms. und offices. Most phys.
icists do ot encounter wnusual hazards in ther
work. Astropomers who mihe observations
may necd to travel to observation facihitics
which are usually in remote locations and fre-
quently work at night.

Employment
Physicints held almost 19,000 jobs in 1982 1n
addition. abomit an equal number of persons
heid physics faculty posttiuns snv colleges and |
univensities. (Sec the statenent on coliege and
unmivensity fuculty clsewhere in the Handbook )
Private industry emplayed aimost two- thirds of
all nonacademic physicints. primanly m com-
panies manufacturing clectnical cquipment. wir
craft and misstles, chemvals, and wientdic
instruments. Muny othery worked as re-
searchers in colleges and universaties. hospr
tals. commercial luboratories, and independent
rescarch organizations The Federal Govem
mont. mostly the Depurtments of [efeme and
Commerve. emphned about 3 out of 10 phys
iCIMS.

Although physiciss are ciuployed ain gl parts
of the countrs, thesr cmplovient s greatest m
areas that hive heavy dustnal concentrat.on
and large college and umiversty enrollments

Training, Other Qualifications, and
Advancement

Graduate tramimg i physios or g closely related
fickd 1 almrost essential tor mastentry level jos
10 physics and for advancenient. The dictorate
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Aruitoxt provided by Eic:

usuafly is requised for full féculty stats at col-
feges and wneverssties and tor industriad or gov-
crmment jubs adnunivening rescarch and de-
welopment programs A doctordde s also the
drua! yequirement for a jab in astronomy.

Those having master's degrees may quality
tor samic rescarch jobs i private sindustry and in
the Foderal Government as well as for teaching
wbs 1 2-year collepes. In umiversities, sonie
teach and asaintan rescarch while studying tor
thew Ph.D).

Those having bashelor's degrees may quality
tor o tew applicd rescarch and development
jorhs 1n private industry and in the Federal Gov-
crument Somie are employved as research or
teachng assistants i colleges and universitics
while sudying tor advamced degrees. Many
with undergraduate physies deprees work
engincering and other scientific fields. (See
statements on engineers, peologists and
peophysicits, programmens, and systems ana-
Ivats clsewhere in the Handbook )

Almost 800 colleges and universities offer a
hachelor's degree in physics. The underpradu-
ate program provides a broad background m the
sctenc and serves as a base for later specializa-
tion cither i graduate school or on the job.
Some typical physics counes are meaanics.,
clectromagnetism, clectronics. optics, ther-
madynamies. and stomic and molecular phys-

ics. Studerts also take courses in chemistry and

many courses 1o nuthematics.

About 270 colleges and universities offer
advanced degrees in physics. In graduate
school. the student, with faculty guidance., usu-
ally works in a specitic subficld of physics.
Graduate students, especially candidates for
Ph.D. degrees. spend a furge portion of their
tumce condacting rescarcn

About SO univeraities offer the Ph.D. degree
m astronomy. These programs anclude ad-
vanced courses inastronomy. physics. and
mathematics Some schoals reguire that gradu-
ate students spend several months working atgn
ohservatory. The usual quahification for en-
france to a graduste Program i astronomy is i
hachelor's degree in astronomy, phasics, or
mathematics with a phy sics minor.

Students planming a career 1 physics should
have an inguisitin e smnd. mathematical ability,

RIC

. '
and imagination They should be able to work
on their own, sunce physicits, particulardy in
Paste rescarch. aiten recerse only linted super:
viston

Physicints, espectally those who hold less
than a Ph.D..

routine faboratory tasks . After some expert -

- ence. they are asigned more complex tasks and

may advanse o work as project leaders or e
search directons, Some work 1 top manuge:
nient jobs. Physicists who develop new prod-
ucts or provesses sumetimes form their own
companics or o aew i to explort their
own deas,

Job Outlook
Employment opportunttics in physics are ox-
pected 1o be good through 1995 for persons
with a doctorate in physies because employ-
ment s pmlcclcd to prow’ faster than the aver-
age for all oce up‘.mnm over the pcnnd and the
number of graduate degrees awarded annually
in physics has been declining since 1970,
However, persins sceking jobs i astronomy
are expected to continug to cncounter competi-
tion for the small number of avatlable openings
that will occur through 1995, Despite the faster
than average growth projected in this occupa-
tion, Mmost job openings will arise as physicists
transfer 1o other occupations, retire. or dic,

Many physicists work in research and de-
velopment (R&D). The anticipated increase in
R&D expenditures through 1995 should result
in increased emplovment for physicives . 1 actu-
al R&D expenditure levels und patterms difter
significantly from those assumed, however, the
autlook vwould be altered

Some with advanced degrees o physies will
he needed to teach m cotleges and universities,
hut opportunities will be hu!ct in private indus -
try. Since litthe employment growth s expected
in colleges and universitics most apensngs in
this arca will result from the need=to seplace
tnose whe Jeave the oceupation

Persons with only 4 hachelor’s degree
physics are not qu.nltmd to enter most physiciyg
obs. Huwever, many wath hachelos s degreess
phyases find jobs as engineers. techmois, s
computer specialints Others become igh

12

often begin their cancers domg |
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schoo! physies teachers. However. they are usu-

ally regarded as teachers rather than as phys
ieists. (See the statement on secondary school
teachers chewhere wn the Hamdbook

Earnings

Median annual carmings of full tme physicists
were About $33.000 in 1982 the middle 50
perrent camed beteen abont $28.0K) and
$45.000 annuaily.

Acvording to an Amcrican Invtitute of Phys
ics Survey of 1YK2 degree recipients, starting
salasies for physicists in private industry aver-
aged about $26:500 tor those with a master’s
degree and $33.000 for those with a Ph.D. .

Depending on their college records, phys-
woists with a hachelor's degree could start in the
Federal Government in carly 1983 at cither
$13:369 or $16.559 4 year. Begioning phys-
icists having a master’s degree cduld start at
$16.559 or $20.256. and those having the

"Ph.D. degree could begin at $24.508 or

$29.374. Average camings for all physicists in

the chcral Governiment in 1982 were $38,.400

a yaar ¢

Starting salaries for physics college and uni-
versity faculty with the Ph.D. averaged
$23.000 in 1982, aecording to the Amencan
Institute of Physios. (See the statement on col-
lege and university teachefs clsewhere in the
Hundbook ) Muny faculty physicists supple-
ment their regular incomes by \mrkmg ay con-
sultants and taking on spevial rescarch projects.

Related Occupations

Physics is closely relgted other scientific oc-
cupations such as chemistry, gcnlog,.y and
geophysies. kngineers and enginecring and sci-
ence technicians alwo use a knowledge of the
principles (h\ sies in therr work.

Sources of Additional Information
General mformation on'carcer opportunities’ in

physies 18 available from. .
American Imstiute of Physios, 338 bas 35t St
New Yorh, N Y o7 .

For + pamphibt contaming information on
careers i astronomy and on schools oftering
traiming s the field, send 28 cents
1 Harny Shipman. Pdvegaon Ofteern. Amendan
Anttonormi gl Sovsefy, Unstersiny af Delawase, Now.
arh, Dot 17
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‘- If you are someone who is e ’ -
- involved in counseling othe{s about job opportunities, )
.. thinking about a career,
.. contemplating a career changé. .
. involved in education planning, '
.. invoived i worker training or displaced-worker retraining,
... or simply interested in knowing about the world of work and how it is likely to change,

s *

you really should examine the Bureau’s other two job outlook publications:

«

Oocupational Outlook Handbodk

Probably the most widely used career resource; fotind in 9 out of 10
secondary schools. Updated every 2 years, it describes what workers do on
the job, where they work, how much they earn, the training and education

" they need, and job outiook for about 200 occupations.

v

Occupa 'ional Outiook Quarterly ’

it helps to ..eep you informed about changing career opportunities, and
provides practical, “how-to-do-it” informatiori on choosing and getting today’s
and tomorrow'’s jobs.

If these publications arer't availabie in your local public library or high-school

" Enter my subscript'on to Occupational Outiook Quarterly, $9. e .

. §.  __ enclosed. . " Charge to GPO deposit. Account no. .. ... . .. . . ... . e
Charge to: MasterCard Credit Card No. e o e
Charge to: Visa Expiration Date. ___ S } N

Send order to Superintendent of.Documents, U.S. Government Prmtmg Office, Washmgton D. C 20402 Make checks
payabie to Superintendent of Documents
|

Enter my order for Occupational Outlook Handbook.

X " Hardcover$10,no. .. . _. ' Papercover $850.no. Amount anclosed $
g . Charge to: MasterCard Credit Card NOo. _ . ‘ Charge to GPO Neposit
H Charge to; Visa Expiration Date _. e Account no. . | Sl

Send order to BLS regional office or Superintendent of Documents, Government Printing Otffice, vvashington, D.C.
20/32. Make checks payable to Superintendent of Documents. Credit card orders to Syperintendent of Documents
only.
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